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Concussion awareness and knowledge has increased and, as a consequence, 
protective equipment has been developed in an attempt to protect the athletes from 
sustaining a concussion. The manufacturers market the equipment as a tool to prevent 
concussions, yet few studies have systematically tested this hypothesis. This study 
investigated the Full90 Headgear to determine if performance on the Sport Concussion 
Assessment Tool 2 (SCAT 2) is impacted by the presence of headgear.   
 Subjects performed two trials, each consisting of four different heading drills both 
with and without the Full90 Headgear.  Subjects were evaluated prior to the heading 
drills with the SCAT 2 concussion assessment and immediately following each trial to 
determine if cognitive function, concussion symptoms, or balance performance changed 
with heading, and if the Full90 Headgear attenuated any of these changes.  
 There were no changes in cognitive function, symptoms or balance performance 
from baseline to either of the post heading testing points. Therefore, the data indicated 
that purposeful heading does not change cognitive function; consequently there is no 
need for the Full90 Headgear to protect the athlete from a concussion during heading.   
 In conclusion, the SCAT 2 scores did not change from baseline in either trial 
(with or without headgear). As supported by others, purposeful soccer heading is not a 
mechanism for concussion and consequently the Full90 Headgear does not add extra 







The Center for Disease Control & Prevention defines a concussion as “type of 
traumatic brain injury, or TBI, caused by a bump, blow, or jolt to the head that can 
change the way your brain normally works.” As the volume of research on concussion is 
increasing, health care professionals, coaches, athletes, and parents are becoming more 
aware and educated about sport related concussions.  With the increase in education and 
knowledge, sport related concussions are becoming more prevalent.
1, 8, 11
 Although, 
researchers are unable to determine whether this increase is due to an actual increase in 
the rate of concussions or if simply that the number of concussions that are being 
identified is increasing. Therefore, it is important to know the signs and symptoms 
associated with concussions, the risk associated with each sport, the various ways to 
assess a concussion, and possible equipment that can decrease the risk of a concussion.  
It is estimated that there were nearly 135,901 concussions sustained in all high 
school level sports nationwide during the 2005-2006 year
15
 and that during the 2009 to 
2010 academic year, concussions made up 90.0% of the 1173 injuries sustained for the 
head, face, and neck in high school athletes.
30
 There‟s a debate as to whether there are 
more concussions sustained in the high school or college level. While it is believed that 
the rates of athletes sustaining concussions in collegiate athletics is greater, concussions 
make up a larger percent of total injuries in the high school level.
15
 Some believe that 
collegiate athletes suffer more concussions due to the higher intensity play and the 
athletes being bigger, faster, and stronger,
 15 
but others report that high school athletes 
suffer more concussions due to being under developed physically, a lack of proper 
equipment, and an overall greater number of high school athletes.
15




level sustains more concussions, the number of reported concussions are most likely 
underestimated due to many athletes not knowing the signs and symptoms of a 
concussion, or the athlete being afraid to report the symptoms due to fear of not being 
allowed to continue to play.  
Among the sports that have the highest rate of concussions American Football 
ranks the highest.
8, 10,15, 26, 31
 Soccer, particularly women‟s soccer
15
, ranks high in risk for 
concussions due to the many injury mechanisms associated with for soccer. These 
include head to head, head to ground, head to other body part, head to ball, and head to 
stationary object, such as the bleachers or goal post. 
3, 20
 One study looking at high school 
and collegiate athletes found that 64.1% of heading related injuries were concussions.
15
 
Most researchers believe that though the soccer ball may be involved in concussive 
blows, concussions do not usually occur when the athlete is purposefully heading the 
ball, but instead when they are struck in the head when they are not expecting it.
1, 3, 29
 
Research also suggests that purposefully heading a soccer ball does not produce enough 
force to cause a concussion. It is estimated that the forces necessary to cause a concussion 
are about 22 N∙s
-1
, while the estimated impact of a soccer ball (at 64.37 km/h) is between 
12.4 and 13.7 N∙s
-1
, which is well below concussive levels.
35
  
Despite this research, companies have developed protective headgear for soccer 
players, claiming to help reduce the risk of concussions. Though the headgears may 
decrease the impact of the ball hitting the head; it cannot stop the brain from the sloshing 
effect it sustains inside the skull during impact. Studies have also shown that by wearing 
the headgear athletes may develop a feeling of invincibility.  Tierney et al. (2008) 




accelerations towards the ball because they felt they needed to hit the ball harder since 
the headgear was taking away from the power and control that they would have without 
the headgear.
40
 While these studies have looked at the potential forces contributing to 
concussions, few have looked at the impact of heading a soccer ball on symptoms, 
cognitive function and balance.  
The purpose of this study is to determine if commonly performed heading drills 
(i.e. typical for a normal practice session) will have an effect on symptoms, cognitive 
function and balance. Additionally, we will assess whether or not the Full-90 soccer 
headgear protects the athlete from these impairments. We hypothesized that there would 
be no increase in symptoms, no decrease in cognitive function and no balance problems 
following 20 minutes of heading without headgear; therefore the Full-90 soccer headgear 
will not have any protective effect.  
The limitations of this study are that the subjects were self-reporting symptoms 
for the SCAT -2 Concussion Assessment Test.  Self reporting of symptoms is 
problematic in that we have no way of validating their symptoms.  The, SCAT -2 
concussion test itself is a newer assessment tool for medical professionals and has been 
used sparingly in research because validity, reliability and clinical relevance of this 
composite test have not been determined.  Due to time constraints, limited availability of 
adequate facilities and required subject experience, the sample size is very small.   
Finally, the results cannot be generalized to game situations since we were not using 
game like ball speeds and the results cannot be generalized to the youth population since 




The delimitations of the study are that we did not use the youth population due to 
liability reasons, as well as, skill level of young children not knowing how to head the 
ball properly putting them at a higher risk for injury. We chose to throw the ball instead 
of kicking the ball since we could not be certain that the ball would go where it needed to 
be in order for the subject to head the ball, so we were unable to recreate game like play; 
nor were we able to locate a JUGS machine that would propel the ball to the subject at a 





While concussion has been defined numerous ways, the definition endorsed by 
most experts in sport-related concussions is “a complex pathophysiological process 
affecting the brain, induced by traumatic biomechanical forces.”
31
 A more useful part of 
this definition is “a trauma-induced alteration in mental status that may or may not 
involve LOC [loss of consciousness].”
 31
 There are many mechanisms that have been 
identified as causing a concussion. A direct blow to the head, face or neck and an indirect 
blow to somewhere else on the body that transmits force to the head are the most 
common mechanisms of a concussion.
11, 27, 29 
Concussion Epidemiology:  
An estimated 300,000 sport-related concussions occur annually in the United 
States. 
15, 26
 Marar et al (2012) studied twenty different sports through 2008-2010 and 
14,635 injuries were reported with 13.2% being concussions.
26
 While Dick et al (2007) 
reported that concussions make up 8.6% of all game injuries and 6.0% of severe injuries 
that resulted in ten or more days held out from participation.
12
 The number of sport-
related concussions has continued to increase as the education and awareness about 
concussions has continued to develop. Even with increased education, many concussions 
still go undiagnosised. Delaney et al (2002) found that 63% of athlete who were surveyed 
had experience some kind of concussion related symptom throughout the season.
11
 With 
these findings it‟s imperative that medical professionals be aware of the many signs and 





In soccer there are more subtle hits then the large hits that you see in American 
football. A study following the injuries in 25 different high schools from 1997-2008 
found that most concussions at the high school level are sustained during football (41%) 
followed by girls‟ soccer (22%).
23
 Other studies have found similar findings; placing 
girls‟ or women‟s soccer only behind football, boys‟ ice hockey, wrestling, and boys‟ 
lacrosse. 
7, 15, 30
 Soccer ranks high in the risk for concussion due to the many mechanisms 
that a soccer player is susceptible to.  
There have been noted differences between males and females as far as 
concussion rates
14
 and biomechanical factors. One study looking at rate of concussions 
found that females have about twice the rate of concussions than that of their male 
counterparts who are playing similar sports.
22
 Some have speculated that this difference 
is because females are more willing to report their signs and symptoms.
23
 Some believe 
that the difference in concussion rates is based on society and it‟s culture. As a society, 
females are treated different and looked at as a vulnerable and weak making society want 
to protect them more. Also, society tells children that it‟s acceptable for females to cry 
over an injury while males are taught to be tough, which can lead to male athletes not 
reporting their symptoms.
15
 Given that society has its own beliefs about how male and 
females should act it‟s only fitting that it is reflected into sports and how an athlete 




The most common way that a soccer player sustains a concussion is hitting head-
to-head with another player followed by head to another body part (e.g. foot, elbow, 
knee) or head to object (e.g. ground or goal post).
1,10,12,22,25,26,31,38  




stipulation that contact with the ball or heading the ball may also be a mechanism for 
concussions. One study stated that female soccer players were more likely to sustain a 
concussion resulting from contact with the ground or the ball than their male 
counterparts.
10 
While it is stated that concussion can occur by contact with the soccer 
ball, it is unclear if purposeful heading is the mechanism behind the concussion. 
Contrary, many studies are showing that purposeful heading is not a mechanism of 
concussion in soccer players, but instead when an athlete is hit unexpectedly by a soccer 
ball that they are not purposefully trying to head.
1 
 
When an athlete is struck unexpectedly, they are unable to protect themselves 
from the blow and a whiplash effect occurs through the head and neck. While 
purposefully heading a soccer ball an athlete can use their neck musculature as well as 
their core muscles to help absorb impact forces and decrease the whiplash effect on the 
brain.  It‟s also been noted that males and females have biomechanical differences which 
can also affect concussion rates.
13, 15, 22, 23
 Some of these differences include head to ball 
size ratio, head to neck size ratio, and angular velocity.
22
 By having smaller heads and 
weaker neck muscles it puts females are a greater risk for sustaining a concussion since 
they cannot dissipate the force of the ball as well. With stronger neck musculature an 
athlete can better prepare for impact by pre-firing the muscles to counteract the forces 
from the ball.  
Signs & Symptoms 
There are many symptoms that are associated with a concussion, though most 
who have suffered a concussion report many of the same symptoms. Signs and symptoms 




categories. Daneshvar et al (2011) used seven different categories that included: physical 
signs, behavioral changes, cognitive impairments, sleep disturbances, somatic symptoms, 
cognitive symptoms, or emotional problems.
10
 While McCrory et al (2008) used five 
categories that included: symptoms, physical signs, behavioral changes, cognitive 
impairments, and sleep disturbances.
27 
For the purpose of this paper symptoms were 
classified into three categories to simplify them, the categories included: physical 
symptoms, cognitive symptoms, and behavioral changes. (Table 1) 
Table 1: Classification of Symptoms 
SCAT 2 Symptom Evaluation 
Category Symptoms 
Physical Symptoms 
Headache, "Pressure in head", Neck pain, Nausea or 




Feeling slowed down, Feeling like "in a fog", "Don't feel 
right", Difficulty concentrating, Difficulty remembering, 
Confusion, Drowsiness 
  
Behavior Changes Fatigued or low energy, Trouble falling asleep, More 
emotional, Irritability, Sadness, Nervous or Anxious 
 
 
In most cases the most common symptom reported following a concussion is a headache 
15, 26, 30, 31
 followed by dizziness/unsteadiness and difficulty concentrating 
15, 26, 29, 30
 Many 
concussions symptoms present rapidly and resolve spontaneously, some which may never 
even be recognized by the athlete nor observed by coaches or athletic trainers.
10    
While 
the public associates concussions with a loss of consciousness and amnesia, rarely do 
those symptoms occur.  In fact, Meehan et al reported that only 4.2% of concussions 
result in a loss of consciousness and 21.6% result in amnesia.
30








Though the awareness of how damaging concussions can be has increased, many 
athletes fail to report the symptoms that they are experiencing. The most common reason 
why athletes do not report their symptoms is because they are unaware how serious their 
symptoms are, that the athletes believes the symptoms are secondary to another injury, or 
that the athlete has a fear of reporting symptoms due to not wanting to lose playing time 




In the last 15 years, concussion assessment tools have also increased in number as 
researchers continue to try to identify tools that are sensitive enough to identify small 
alterations in brain function, yet easy to administer and interpret. Some of these tools 
include the Standardized Assessment of Concussion test (SAC)
 14
, Sport Concussion 
Assessment Tool 2(SCAT 2), Balance Error Score System (BESS)
 18
, Modified BESS 
Test, Finger to Nose Test (FTN), symptom scores, and the use of computerized tests such 
as the Impact
8
, Axon, and Headminder. When surveying athletic trainers on which 
concussion assessment they use most often when evaluating a possible concussion, most 
use a symptom score (85%) while 75% use computer based testing.  Sixty-eight percent 
said a standardized test would be helpful.
33 
The SCAT 2 is a widely known and 
recommended concussion assessment tool. This concussion assessment tool is 
recommended for use by the Federation International de Football Association, the 
National Collegiate Athletic Association, and the Center for Injury Prevention and 




assessment. The SCAT 2 combines a number of the previously mentioned tests in an 
attempt to create a more comprehensive assessment.  It consists of a symptom score, SAC 
test, modified BESS test, and a FTN test.
34
 The SCAT 2 thus integrates evaluation of the 
major areas of impairment including symptoms, cognitive function, behavioral changes, 
balance and emotional symptoms.
10
 The SCAT 2 total score has not been validated nor 
has a significant change score for clinical interpretation been identified, thus limiting the 
value of the tool and presenting numerous opportunities for further research.
27, 28
 
Though the SCAT 2 as a whole lacks validity and reliability, individual sections 
of the test have good validity, acceptable sensitivity and high reliability. Barr & McCrea 
(2001) showed that an athlete with a suspected concussion, on average, will demonstrate 
a 4 point drop in their SAC score and that a 3 point difference during repeated tests is 




The FTN test was determined to be reliable through studies that tested it by using 
the same examiner each time and found that each test yielded similar results.
35
 One 
limitation to the FTN test is that the times of the FTN change when a person has been 
exercising.  This could affect the utility of this as a concussion test if it is administered 
immediately after injury and before the athlete has had a chance to “recover”.
39
 Although, 
the FTN test is not validated it is still reliable in the sense that a medical professional will 
may see a drop in score when an athlete has sustained a concussion. It cannot be the only 
test administered to the athlete, but it is another test that can be utilized to test the 




The BESS test is a series of three different stances, double leg, single leg, and 
tandem performed on two different surfaces.  The athlete is evaluated on their ability to 
maintain quiet standing while errors are counted for 20 sec.  While the BESS test may be 
somewhat predicated on the evaluators ability to accurately count errors, it has been 
validated against a gold standard test, the Sensory Organization Test (SOT). This test 
measures an athlete balance via a force plate system that detects changes in the center of 
pressure as an athlete is standing still on a fixed platform. Guskiewicz, Ross, & Marshall 
(2001) compared concussed athletes using both the SOT and the BESS test.  They found 
a high correlation between performances on the two tests in athletes who sustained a 
concussion.
  
In the study, the SOT showed a trend of worse performance scores day one 
post injury and by day 3 post injury the scores were beginning to return to baseline. The 
same trend was shown when using the BESS test.
16 
This shows that the BESS test is 
reliable by demonstrating that the BESS Test has similar results as the SOT, a medical 
professional can be confident that they are identifying similar results in their concussed 
athletes.  Though the SOT is the gold standard for post concussion balance testing, the 
BESS test is a much more practical assessment for most medical professionals because it 
is less expensive, less time consuming, and can be performed in many difference 
locations.  The SCAT 2 uses a modified BESS test by only including tests of the three 
stances on firm surfaces. By not including the foam surface conditions, the validity of the 
BESS test on the SCAT 2 form may be compromised or less valuable as more errors 
typically occur in the harder foam surface conditions, even when not concussed.  
The symptoms experienced by those who have suffered a concussion can vary a 




symptoms and know throughout the recovery how they may be improving or worsening 
with each day. Lovell et al (2006) completed a study using the Post-Concussion Scale 
(PCS), which is very similar to that of the SCAT 2 symptom scale, in which they 
developed normative values for the symptom scale and tested concussed athletes as to 
where they fell among the norms. They found that in healthy (non-concussed) males a 
score of 27 or higher were classified as “extremely high” and in healthy (non-concussed) 
females a score of 44 or higher were classified as “extremely high”.
24
 In males those who 
scored between 1-5 and females who scored 1-9 were considered “broadly normal”
24
, 
these normative values show that in a typical day for any given person they may have 
symptoms that appear on a concussion symptom scale. It is valuable to have normative 
data on symptom scales, but it must be taken into consideration that symptoms are highly 
subjective to the athlete and that females tend to report more freely the symptoms that 
they are experiencing.  
While there is quality research on the subtests of the SCAT 2, their lacks research 
on the composite score of the tests which comprise the SCAT 2. This lack of research 
limits the value of the SCAT 2 as a clinical and research tool. Normative values that 
identify the expected deviation from baseline in concussed athletes as well as expected 
recovery to normal needs to be identified to make this tool most useful to clinicians.  
Soccer Heading: 
The notion that purposeful heading will not produce a concussion is supported by 
heading specific research.
12
 Stalnacke & Sojka (2008) looked at the S-100B calcium 
binding protein that increases in concentrations in the serum during brain tissue damage. 




these headers did not cause an increase in the brain injury marker.
38
 Another study 
examined what the necessary impact force for a concussion to be sustained and they 
found that it was about 22 N-s-1, but that the impact of a soccer ball traveling at 64.37 
km/h was only 12.4-13.7 N-s-, well below concussive levels.
35
 While Kontos et al (2011) 
found that there was no relationship between heading and neurocognitive performance or 
symptoms as measured by the ImPACT concussion assessment computerized test. The 




 Another theory is that long-term heading, such as career soccer playing, may lead 
to long-term cognitive impairments. One study examined the effect of chronic heading by 
comparing cognitive function of college soccer players to a student control group.  
Results suggested that no difference in baseline neuropsychological tests or cognitive 
function following 20 minutes of aggressive heading of the soccer ball.
3
 Matser et al. 
surveyed professional Dutch soccer players and they saw a correlation between the 
number of headers the athlete reported and a lower score in verbal/visual memory and 
focused attention.   Also, as the number of concussions increased, there was a decrease in 
accurate visuoperception and sustained attention.  However, this study has 
methodological flaws in that  the researchers admittedly did not control for automobile 
accidents nor alcohol consumption, both of which can affect memory, attention, and 
perception.
25
 Webbe & Ochs (2003) found that players that reported high amounts of 
heading had a weaker neurological performance, but the differences were not statistically 
significant.
41
 Janda, Bir, & Cheney (2002) followed youth soccer players over a two year 






 While some research suggests that long term heading may have detrimental 
effects of cognitive performance, many of these studies had methodological errors that 
may have compromised their results.  Nonetheless, additional research needs to be done 
to determine if heading a soccer ball can potentially cause long term cognitive 
impairments.  
Soccer Headgear:  
With conflicting research regarding the potential of heading a soccer ball causing 
long term cognitive impairment, it‟s not surprising that headgear has been developed to 
help protect athletes. The research also presents mixed results in regard to whether or not 
the developed headgear helps attenuate the force of an impact sustained in soccer. One 
study had headgears attached to a force plate and the soccer ball was shot at the force 
plate at 35 mph and it showed that the peak force of the ball hitting the headgear was 
decreased.
5 
Despite this finding most headgear research shows that there is no decrease in 
risk of concussion 
29
 and that the impact from the ball is not reduced by the 
headgear.
9,29,32,43
 Not only is the impact not reduced, some studies found that when girls 
or women wore the headgear, an increased head acceleration occurred, putting them at a 
greater risk for concussions.
40
 This increase in head acceleration has been explained by 
two theories.  First, athlete‟s may believe that in order to get the same control and contact 
with the ball as they would without the headgear, they must strike the ball harder while 
wearing the headgear.  Second, they may believe that since they have the extra 
protection, they are less vulnerable to injury and can be more aggressive when heading 
the ball.
40
 Another studied suggested that the headgears might increase the number of 






Needless to say, more research needs to be done on whether or not soccer headgear 
decrease the risk of concussions or possibly increases the risk of concussions.  
As stated before there is a lot of concussion research currently being conducted; this 
includes research on injury mechanisms, epidemiology, evaluation and treatment, return to 
play and prevention. The hope is that by improving protective equipment the overall rate of 
concussions will decrease and medical professionals will be prepared for when the 





       
Subjects:  
19, male (13) and female (6), 18-25 year-old soccer players‟ were recruited from 
the club soccer teams at James Madison University. Secondarily, James Madison 
University students who frequently participate in recreational soccer were recruited. All 
subjects had at least 5 years of competitive soccer and heading experience.  
 Participants completed a medical history form prior to inclusion in the study (see 
appendix A).  Exclusion criteria included a concussion within the last year, reported 
neurological deficits, orthopedic limitations, diagnosis of attention-deficit disorder or 
attention-deficit hyperactivity disorder, or if their baseline symptom score on the SCAT 2 
(Standardized Concussion Assessment Tool 2) Concussion Assessment were greater than 
five. Those who were included in the study signed an informed consent form approved by 
James Madison University‟s Institutional Review Board. Two subjects did not complete 
both trials, therefore their data was removed. One subject withdrew due to an unrelated 
back injury and the other self-selected to seek medical treatment for a headache. 
According to our concussion criteria they did not sustain a concussion and their data was 
not included.  
Trial Procedure:  
Each participant was evaluated with a SCAT 2 Concussion Assessment test 
before heading trials and after trial 1 and again after trial 2 (3 total SCAT 2 assessments). 
To avoid the learning effects of the SCAT 2 we used alternative word and number lists 
each time a SCAT 2 was administered to assure that the subject was not memorizing the 




consists of eight sections that the participant answered questions on regarding symptoms, 
cognitive functioning, and performed a balance test. It is comprised of previously used 
concussion assessment tools combined into one and is recommended for use by health 
care providers as a concussion assessment tool. Each participant completed two trials that 
were one week apart; each session lasted approximately 40 minutes (including the SCAT 
2 assessments). Participants were randomly placed in to two groups. Group A performed 
their first trial without the headgear and Group B performed their first trial with the 
headgear. Participants then completed 16 minutes of heading drills (4 different drills) 
with intermittent rest, such that the entire session lasted approximately 23 minutes. 
Following the post-heading SCAT 2 assessments, to ensure that no further concussion 
symptoms develop over night after testing, an email was sent to each subject 24 hours 
post-heading.  
 One week following the first session, participants reported back for the second 
session, where Group A completed the drills with the headgear and Group B completed 
the drills without the headgear. The exact same heading drills were repeated as the first 
trial taking about 23 minutes to complete, with a SCAT 2 Concussion Assessment test 
administered immediately following the drills. After the final trial subjects filled out a 
questionnaire regarding their experience wearing the headgear.  
SCAT 2:  
The Standardized Concussion Assessment Tool 2 (appendix B) was used to 
evaluate cognitive function.  This concussion assessment tool is recommended for use by 
the Federation International de Football Association, the National Collegiate Athletic 




by medical and healthcare providers for concussion assessment. Participants were 
assessed on symptoms, orientation, memory, concentration, immediate and delayed 
recall, coordination, and balance. The test was administered before any heading (test day 
1) to determine baseline performance and repeated after each heading session to identify 
any change from normal. The SAC score, pulled from sections 5 and 8 of the SCAT 2, 
was used to determine if a concussion was sustained during a heading session. Research 
has shown that a drop in two points on the SAC test one can be 84% certain that a 
concussion was sustained. By using this two point drop with a sensitivity and specificity 




Heading Drills:  
The heading drills took approximately 23 minutes to complete; and were 
integrated with rest periods making the actual time of heading only 16 minutes. The four 
drills are explained below: 
Sit-Up Headers: 
This drill consists of the subject laying supine on the ground in a crunch position. 
The researcher will stood at the feet of the subject and as the subject did a sit up, the 
researcher will toss the ball lightly toward their head and the subject headed it back. By 
doing this drill it will help warm up the subject for the more challenging tasks to be 
performed later in the session. Sit-up headers were performed for 30 seconds, followed 




Figure 1: Sit Up Headers 
 
Stationary Standing Headers: 
The second drill consisted of the subject standing 5 feet from the researcher and 
the researcher tossed the ball lightly to the subject at head level. The subject was to keep 
both feet on the ground and head the ball back to the researcher. This drill continued for 2 
minutes and after this drill the subject had 30 seconds to rest before moving into the third 
drill. (Figure 2) 
Figure2: Standing Stationary Headers 
 
Moving Headers:  
The subject stood 10 feet from the researcher and the researcher tossed the ball 
approximately 20 feet into the air towards the subject. The subject reacted to the ball and 




drill consisted of two minutes of heading, followed by one minute rest, and then again 
two minutes of heading and one minute of rest after the heading.  
Target Headers: 
The last drill consisted of the subject having to head the ball at four targets that 
were in the top and bottom corners of a standard soccer net (Figure 3). The subject 
reacted to where the ball was thrown and headed it towards a self-selected corner. The 
drill will consist of three minutes of heading and one minute of rest for three rounds, 
making nine minutes total heading in this drill.  
Figure 3: Target Header Locations 
 
Headgear:  
The headgear that was worn during the headgear trial was the Full90 Soccer 
Headgear (Figure 4). The subject was fitted for the correct headgear size and wore either 
the small/medium or large. At the end of the headgear trial the subject rated it on whether 
or not it was comfortable, if it made a difference in how they were able to control the ball 
while heading, if they felt a difference of impact from the ball, and if they would wear it 






A repeated measures ANOVA was completed comparing the baseline, the post 
heading with headgear, and the post heading without headgear scores for the SCAT 2 
scores, the SAC scores, and the BESS Test Scores. A significance level of .05 was used 




The SCAT 2 total score did not significantly change (F=.736 (n=19)) from pre-
heading to post-heading conditions both with the headgear and without the headgear 
(Table 2, Figure 5). The same was found for the SAC score between the headgear and 
without headgears trials (F=.477 (n=19)) (Table 2, Figure 6). There were no differences 
between baseline BESS test scores and either heading trial (F =.230 (n=19)) (Table 2, 
Figure 7). There were no differences between gender and two trials for neither the total 
SCAT 2 score, the SAC score, nor the BESS Test score (F=.526 (n=19), F= .300 (n=19), 
F= .247 (n=19) respectively) (Table 3). Therefore, we collapsed genders for all additional 
analysis. 
Table 2: Average SCAT 2, SAC, & BESS Scores by Gender 
Average SCAT 2, SAC, & BESS Scores by Gender 
Average Total SCAT 2 Scores 
  Baseline With Headgear Without Headgear 
Females 94.67±2.1 94.00±2.6 93.17±3.3 
Males 92.38±2.7 92.77±4.0 92.96±3.0 
Average SAC Scores 
  Baseline With Headgear Without Headgear 
Females 27.50±2.4 27.33±2.7 28.17±1.8 
Males 26.11±2.0 27.62±1.9 27.26±1.5 
Average Modified BESS Scores 
  Baseline With Headgear Without Headgear 
Females 28.33±1.2 28.83±.8 28.17±1.0 




Figure 5: Average SCAT 2 Scores 
                 
Figure 6: Average SAC Scores 
 





Table 3: SCAT 2, SAC, & BESS Score Statistics 
Total SCAT 2 Score Statistics 
 p-value 
Between Trials 0.736 
Trials & Gender 0.526 
Baseline & No Headgear 1.000 
Baseline & Headgear 1.000 
Headgear & No Headgear 1.000 
SAC Score Statistics 
 p-value 
Between Trials 0.477 
Trials & Gender 0.300 
Baseline & No Headgear 0.825 
Baseline & Headgear 0.930 
Headgear & No Headgear 1.000 
BESS Test Score Statistics 
 p-value 
Between Trials 0.230 
Trials & Gender 0.845 
Baseline & No Headgear 1.000 
Baseline & Headgear 0.360 
Headgear & No Headgear 0.370 
No significant differences (P < .05) 
 
 
When comparing the total SCAT 2 score of the headgear trial and the without 
headgear trial using a pairwise comparison with a Bonferroni adjustment, we found that 
the scores did not significantly change (p = 1.0 (n=19)). When comparing the SAC score 
between the headgear and without headgear trials, there also was no significant change (p 





Chapter V:  
 Our results show that purposeful heading without the Full90 Headgear did not 
produce any decreases in cognitive function as measured by the SCAT 2, or either 
subtests the SAC and BESS Test. Under our testing conditions, the Full90 headgear is not 
needed to reduce the risk for concussion since impairments were not produced during the 
heading drills.  
 For this study, the SAC score was used to determine if a concussion was 
sustained. A drop of two points or more was used to determine impairment (concussion). 
Research has shown that a drop in two points on the SAC test one can be 84% certain that 
a concussion was sustained. By using this two point drop with a sensitivity and 
specificity of .84 we could help eliminate the likelihood of a false positive SAC test 
score, while still being conservative.
2 
None of our subjects had a decrease from baseline 
of more than two points during either trial. Therefore, we believe our results are 
consistent with previous studies who found that purposeful heading does not cause a 
concussion.
12,36,38
  Furthermore, our BESS Test results were similar to those observed by 
Broglio et al (2004) who tested subjects with the BESS test before and immediately 
following heading drills. Their results showed no significant difference in the balance 
following any heading drills.  Collectively, these results suggest that acute soccer heading 
does not affect cognitive function, balance, or postural stability in athletes.  Some studies 
even found that females who wore the headgear had an increased head acceleration while 
heading because they felt they needed to compensate for headgear taking force away; 
which could put them more at risk for concussions.
40 




subjects, while not analyzed in this study, was that the headgear was uncomfortable and 
caused painful rubbing and was not preferred.
 
 
The use of the SCAT 2 has been recommended by numerous governing bodies 
even though it has yet to be validated and cut off values indicating impairment yet to be 
identified. While the total test lacks this information, a subtest of it have been validated 
and norms have been established for the scores suggesting when a concussion has 
occurred and what normal fluctuations in the score can be throughout a typical day. Not 
only do scores change throughout the day, but physical activity or exercise can lead to a 
change in assessment scores as well.
9,37,42
 
 To allow medical professionals to assess a concussion in the best possible way, 
research needs to be conducted to develop norms for the total SCAT 2 score as well as 
identifying statistically significant changes from the norms, which suggest impairment. 
This information exists for the SAC Test (a subtest of the SCAT 2), while the BESS Test 
and the FTN Test correlate strongly with other standardized tests. By having guidelines 
and normative values to follow, medical professionals can make proper concussion 
management and return to play decisions easier.  By using a tool that has multiple 
assessments in one, such as the SCAT 2, medical professionals can be certain that they 
are evaluating multiple functions of the athlete during one assessment. Research has 
shown that a concussion can affect many aspects of an athlete all of which may decline 
independently of each other including balance, cognition, coordination, and memory. The 
SCAT 2 is one of the first concussion assessments that evaluates multiple areas 
(symptoms, cognitive function, coordination, and balance) of possible impairment, while 




 While the knowledge and education on concussion assessment has continued to 
increase among medical professionals, it is imperative that those who are assessing 
concussions using any of previously mentioned assessments be aware of the different 
variables that can affect the outcomes of that test that may not be associated with a 
concussion. As mentioned before, exercise or physical activity
9,42  
can affect a concussion 
assessment as well as alcohol consumption, medication usage, and footwear
37
. Variables 
such as the subject‟s exercise between the trials, alcohol consumption, and medications 
were not controlled in this study. While these limitations could have affected the total 
SCAT 2 score or the SAC score of the individual subjects, it is unlikely they had an effect 
in our study since we did not see any impairment after heading. It would have been ideal 
to have the subjects refrain from exercise prior to their heading trials, it was assumed that 
alcohol and medication usage did not affect their performance. To control any affects that 
footwear may have had, we made sure the subject was tested on the same floor (i.e. the 
gym or racquetball court floor) wearing the same shoes for all trails. 
 In conclusion, this study examined the affects of acute heading drills on the total 
SCAT 2 score and its subcomponents, concussion symptoms, SAC, and BESS scores, in 
efforts to show that purposefully heading a soccer ball in a practice situation does not 
result in an increased risk of injury, and therefore, the Full90 Soccer Headgear does not 
reduce a concussion risk during heading under the tested conditions. This study showed 
that the total SCAT 2 scores and the SAC scores were unchanged after the heading 
protocol without the headgear, also showing that there was no change when the headgear 




game like scenarios to determine if heading during a game situation has different effects 

























Appendix A: Medical History Questionnaire 
Answer each question to the best of your knowledge and as thoroughly as you can. If you do not know the answer to a 
question please answer „unknown‟. 
Name: 
Age:      Gender:     Height:              Weight: 
 
Have you ever been diagnosed with Attention Deficit Disorder or Attention Deficit Hyperactivity Disorder? 
No   Yes   Unknown 
What is your total number of previous concussions?                  __________________ 
Have you sustained a concussion within the past year? 
No    Yes   Unknown 
When was the last time? How long were you held out from activity?                    __________________ 
Do you have any known neurological deficits? 
No   Yes   Unknown 
If yes, please list them below: 
Do you have any orthopedic condition that would limit you from running, jumping, or heading a soccer ball? 
No   Yes   Unknown 
If yes, please list them below: 
Are you or are there any chances that you may be pregnant? 
      No  Yes  Unknown 
Are you currently taking any nonsteroidal anti-inflammatory medications? 























Appendix C: Concussion Information Sheet 
 
∙You must be watched closely by another person for 24 hours. This could be 
a roommate, teammate, or a parent. 
 
∙ You may eat and sleep based on how you feel. Please try and drink extra 
fluids. Do not drink any alcohol until you are cleared to return to 
participation. 
 
∙You do not need to be awakened in the middle of the night. 
 
∙If you show any of the following symptoms or signs after your head injury 
you or the person watching you should call your athletic trainer and go to the 
Emergency Room: 
-A very bad headache or a headache that is getting worse 
-Throwing up that will not stop or starts several hours after you injury 
-Any fainting spells or being more sleepy than usual 
-Confusion that is getting worse 
-Change in behavior (acting strange, saying things that don‟t make 
sense) 
-Cannot remember new events 
-Cannot move parts of your body or face; vision or speech problems 
-Seizure (any jerking of the body or limbs) 
 
∙You may use 2 Tylenol up to 4 times a day for headache or other pain. 
 
∙DO NOT take any strong pain pills, ibuprofen, or aspirin for the first 24 
hours. 
 











Appendix D: James Madison University Concussion Management Protocol 
 
POST SIDELINES CONCUSSION MANAGEMENT:  
After the competition or practice, all student-athletes who have had a presumed 
concussion should be re-evaluated formally. This evaluation is to use the SCAT-2 tool (sections 
1, 2, 5, 6, 7, 8) and record this in their medical chart along with details of their injury. Any S-A 
diagnosed with a concussion at this point is sent home with a “Concussion Information Sheet” 
and instructed on strict cognitive and physical rest. The warning signs of a complicated 
concussion are also reviewed with the athlete at this time.  
The Symptom Evaluation section of the SCAT-2 should be repeated daily for a total of 3 
days or until symptoms have resolved whichever comes first. When the Symptom Evaluation 
score has returned to baseline, the S-A should undergo a complete SCAT-2 test. The athletic 
trainer should arrange for the team physician to evaluate the student-athlete once symptoms have 
resolved or if the symptoms have not resolved within 72 hours, whichever comes first. As a part 
of this follow up period, neurocognitive testing (ImPACT) is to be done either when the S-A is 
asymptomatic and has a normalized post injury SCAT-2 test or at roughly 72 hours post injury 
whichever comes first.  
It is possible that the S-A will be asymptomatic and have a normal/baseline SCAT-2 on 
that first day. Because of their sidelines evaluation they are still diagnosed with a concussion but 
have already returned to a baseline state. They must rest for the remainder of that day and cannot 
return to any competition or physical activities until the following day at the earliest.  
While an S-A is still symptomatic and recovering from a concussion, they are encouraged 
to be at both physical and cognitive rest. Activities that require concentration and attention 
(scholastic work, video games, text messaging, observing practice or games) may exacerbate 
symptoms and possibly delay recovery. The team physician may request that the S-A be excused 














Appendix E: Consent to Participate in Research 
Identification of Investigators & Purpose of Study   
You are being asked to participate in a research study conducted by Maegan Michalik, ATC and 
Beth Brann, ATC from James Madison University.  The purpose of this study is to determine if 
the Full 90 headgear on the performance of a concussion assessment tool following heading a 
soccer ball.  This study will contribute to the researcher‟s completion of her master‟s thesis and 
the better understanding of the relationship between the headgear and concussions.  
Research Procedures 
Should you decide to participate in this research study, you will be asked to sign this consent 
form once all your questions have been answered to your satisfaction.  You will then be evaluated 
with a SCAT 2 Concussion Assessment prior to 16 minutes of heading, followed by another 
SCAT 2 Concussion Assessment. All tests will be administered to individual participants in 
Godwin Gym or Lower Turf field at UREC. One week later you will repeat the heading dills and 
SCAT 2 Concussion Assessment and then complete a questionnaire about your experience 
wearing the headgear. One trial will be completed with the headgear and the other trial will be 
completed without the headgear.  
Time Required 
Participation in this study will require 40 minutes of your time during each session, for a total of 
80 minutes; as you will need to participate in two sessions, one week apart.   
Risks  
The investigator does not perceive more than minimal risks from your involvement in this study 
(that is, no risks beyond the risks associated with everyday life or a normal soccer practice). 
However, in extreme cases there is a chance that you may sustain a mild concussion during the 
study. Each subject will be tested immediately following the trial and will have a telephone 
follow up the next day to check for any symptoms that may develop over night. Should symptoms 
develop you will be cared for by a Certified Athletic Trainer until symptoms clear. You will be 
given an at home concussion information sheet and told to watch for any signs and symptoms that 
may develop during the night. You will see the Certified Athletic Trainer every day following the 
concussion and will be evaluated using the James Madison University Sports Medicine 
Department Protocol for Concussion Management minus the ImPACT testing due to the cost of 
the test. If symptoms persist longer than 72 hours you will be referred to a physician and be 
responsible for any charges that may incur from the follow up care.  
Benefits 
The benefits to the participants in this study include a development of better understanding of 
concussion assessment and what is being done to decrease the risk of concussive injuries in their 
sport. The overall benefits of this study are that it will add to the overall body of knowledge 
regarding concussion prevention and assessment.  
Confidentiality  
The results of this research will be presented to the master student‟s thesis committee and may be 
presented at a conference or submitted to a professional journal. The results of this project will be 
coded in such a way that your identity will not be attached to the final form of this study.  The 
researcher retains the right to use and publish non-identifiable data.  While individual responses 
are confidential, group data will be presented representing averages or generalizations about the 




researcher.  Upon completion of the study, all information that matches up individual respondents 
with their answers will be destroyed.   
Participation & Withdrawal  
Your participation is entirely voluntary.  You are free to choose not to participate.  Should you 
choose to participate, you can withdraw at any time without consequences of any kind. 
Questions about the Study 
If you have questions or concerns during the time of your participation in this study, or after its 
completion or you would like to receive a copy of the final aggregate results of this study, please 
contact: 
Maegan Michalik, ATC   Dr. Connie Peterson, ATC 
Graduate Assistant     Athletic Training Education Program 
Athletic Training Education Program  Health & Human Sciences  
James Madison University   James Madison University 
michalmr@dukes.jmu.edu   Telephone:  (540) 568-7085 
peterscl@jmu.edu 
Questions about Your Rights as a Research Subject 
Dr. David Cockley  
Chair, Institutional Review Board 
James Madison University 
(540) 568-2834 
cocklede@jmu.edu 
Giving of Consent 
I have read this consent form and I understand what is being requested of me as a participant in 
this study.  I freely consent to participate.  I have been given satisfactory answers to my 
questions.  The investigator provided me with a copy of this form.  I certify that I am at least 18 
years of age. 
 
______________________________________     
Name of Participant (Printed) 
 
______________________________________    ______________ 
Name of Participant (Signed)                                   Date 
______________________________________    ______________ 









Appendix F: Headgear Questionnaire 
Please rate your experience on wearing the headgear during the drills on a scale of 1-5.  
1 = Strongly Disagree   2 = Disagree   3 = Neutral   4 = Agree   5= Strongly Agree 
 
●The headgear was easy to put on and take off. 
 1 2 3 4 5 
 
●The headgear was comfortable to wear while heading the ball. 
 1 2 3 4 5 
 
●You noticed a difference of impact while heading the ball with the headgear on. 
 1 2 3 4 5 
 
●The headgear gave you more control while heading the ball. 
 1 2 3 4 5 
 
●You would wear the headgear again during a game. 
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